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for determining the motion the approximate equations follow- 
ing : 

d P  du d P  ~ dv  
d--~ = X - - - ~  ; d y = x ---d-t; 

Hence, supposing no force impressed, 
mately, 

d ' ( d ~  d r )  d ' ( d u  
~ ~ =o ;  ~ 

d. (d, dw) 
d t  \ d z  ~ = O. 

These equations are true, not because the functions in brackets 
du dv  du 

do not contain t, but because approximately ~-~ = ~-~, ~-~ 

dw ~ dw 
= ~-~, and = -~y. Thus the corresponding equations 

above are accounted for without affecting the generality of the 
previous reasoning. 

Cambridge Observatory, Sept. ~9, 1845. 
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T H E  researches of M. Dumas on chemical types have 
shown that between chlorine and hydrogen remarkable 

relations exist, indicating that the electrical characters of ele- 
mentar~-~toms arc not essential, but rather incidental proper- 
tics. 

The extension of these researches has given much weight 
to the opinion that the electro-chemical theory may be re- 
garded as failing to account for the replacement of such a body 
as hydrogen, by chlorine, bromine, oxygen, &c. 

I do not know that as yet ally direct evidence has been of- 
fered that the electrical character ,of an atom is not an essen- 
tial quality, but one that changes with circumstances. It ap- 
pears to be rather a matter of inference than of absolute de- 
monstration. 

It is the object of this memoir to furnish such direct evi- 
dence, and to show that chlorine, the substance which has 
given rise to the discussions connected with the theory ofsub- 
stitutions, under the very circumstances contemplated, has its 
electro-chemical relations changed. 

* Communicated by the Author. 
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More than two years ago I brought before the British As- 
sociation some of the fhcts. They were subsequently published 
in the Philosophical Magazine, in a memoir on "Tithonized 
Chlorine," July 184,4.). The connexion of these experiments 
with the discussion between the theory of substitutions and 
the electro-chemical theory is obvious. 

Very recently M. Berzelius has published an important 
paper on the Allotropism of Simple Bodies ~, tile object of which 
is to point out that many of those bodies can assume different 
qualities by being subjected to certain modes of treatment. 
Thus carbon furnishes three forms--charcoal, plumbago and 
diamond. 

To a certain extept these views coincide with those which 
have offered themselves to me fi'om the study of the properties 
of chlorine. They are not~ however, altogether the same. M. 
Berzelius infers that elementary bodies can, as has been said, 
assume under varying circumstances different qualities. The 
idea which it is attempted to communicate in this memoir is 
simply this ; that a given substance, such as chlorine, can pass 
from a state of high activity, in which it possesses all its well- 
known properties, to a state of complete inactivity, in which 
even its most energetic affinities disappear; and  that between 
these extremes there are innumerable intermediate points. 
Between the two views there is therefore this essential differ- 
ence; from the former it does not appear what tile nature of 
the newly-assumed properties may be; fi'om the latter they 
must obviously be of the same character, and differ only in in- 
tensity or degree, diminishing from stage to stage until com- 
plete inactivity results. 

In the case of chlorine, the same activity which is commu- 
nicated by the indigo rays can also be communicated by a high 
temperature, or by tile action of platina. The term ~'titho- 
nized chlorine," which I formerly used, is therefore too re- 
stricted, and indeed in this view of the case improper. The  
simple appellations active and passive, are perhaps the best, 
and I shall therefore employ them. 

The points which this memoir is intended to establish are , - -  
I. That  chlorine gas can exist under two forms. In the 

same way that metallic iron can exist as active or passive iron, 
chlorine can assume the active or passive state. 

II. Having established the fact of the allotropism of chlo- 
rine, I shall then show its connexion with the Theory of Sub- 
stitutions of M. Dumas, and how the most remarkable points 
in that theory may be easily accounted for. 

The time perhaps has not yet arrived for offering a com- 
A translation of" this paper was published in Taylor's Scientific Me- 

moirs~ part xiv.~ 1845.--Eo. 
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plete meclmnieal explanation of the assumption of an active or 
passive state. I t  may be rem.qrked, that a very trivial modi- 
fication of our admitted views of the relation between atoms 
and their properties is all that is required to give a consistent 
explanation of every one of these facts. Instead of regarding 
the specific qualities of an atom as appertaining equally to the 
whole of it in the aggregate, we have merely to assume that 
there is a relation between its properties and its sides; and 
that any force which can make it change its position upon its 
axis will throw it from the active to the passive state. But 
this is nothing more than the well-known idea of the polarity 
of atoms. 

Phcenomena of  the Decomposition of  Water lW Chlorine in the 
Rags of the Sun. 

From the various facts which might be employed, as offering 
the means of establishing the allotropism of chlorine, I shall 
select those which arise from an examination of the phmno- 
mena of the decomposition of all aqueous solution of chlorine 
by the rays of the sun. 

For many years it has been known that an aqueous solu- 
tion of chlorine undergoes decomposition by the aid of the 
solar rays. Several of the most remarkable phmnomena con- 
nected with this decomposition appear to have been over- 
looked. Among such may be mentioned the singular fact, 
that chlorine, which has thus been influenced by the sun, has 
obtained the quality of effeeting this decomposition subse- 
quently, to a measured extent, even in the dark. Not to an- 
ticipate what I shall have to offer on this point, I shall now 
proceed in the first place to establish the various facts con- 
nected with the decomposition in question. 

Having provided a number of small glass vessels, consist- 
ing of a bulb and neck, of the capacity of from 1"5 to 2"0 
cubic inches, I filled them with a solution of chlorine in re- 
cently boiled water, and inverted them in small glass bottles 
Containing the same solution, as shown in Plate IV. fig. 1. 
With these bulbs the following experiments were made : - -  

I. An aqueous solution of chlorine does not decompose in 
the dark. 

One of the bulbs was shut up in a dark closet, and kept 
there for a week, being examined from time to time. No de- 
composition was perceptible, for no gas collected in the upper 
part of the bulb. 

II .  A solution of chlorine decomposes in the light. 
One of the bulbs was placed in a beam of the suu reflected 

into the room by a heliostat, For sixteen minutes no change 
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was perceptible, then small bubbles of gas made their appear- 
ance; they increased in quantity for a time, but finally the 
speed of decomposition became uniform. On analysis by de- 
tonation with hydrogen, after washing out any chlorine con- 
tained in it, this gas was found to contain 97 per cent. of 
oxygen. 

III .  The ~rapidity of this decomposition depends on the 
quantity of the rays and on the temperature. 

In various repetitions of these experiments on different days, 
I soon convinced myself that the rate of evolution of oxygen 
depended on the quantity of the rays. Among other proofs I 
may mention this: after ascertaining the rate of decomposi- 
tion in the reflected beam, if the bulb be set in the direct sun- 
shine, the bubbles increase in number, the total quantity of 
oxygen evolved becoming greater in the same space of time ; 
an effect obviously due to the difference of intensity of the re- 
fleeted and incident beams. When a certain point is gained, 
apparently no further increase of ef£eet takes place on increa- 
sing the brilliancy of the light, as I found by employing a 
convex lens. 

With respect to the influence of temperature.--If, while 
one of the bulbs is actively evolving gas in the sun's rays, it 
be warmed by the application of a spirit-lamp, the amount of 
gas thrown off becomes very much greater: a difference of 
a few degrees produces a striking effect. As an illustration 
of this I placed in the sunshine two bulbs which were nearly 
alike, except that one of them was painted black with India 
ink on that portion which was furthest from the sun. The 
rays coming through the transparent part had access to the 
solution, and then impinging on the dark side raised its tem- 
perature. On measuring the quantity of gas collected, it was 
found,-- 

In the transparent bulb 3 ' ¢ 6  
In the half-blackened bulb" . 6"19 

IV. The decomposition of water, once begun in the sun- 
beams, goes on afterwards in the dark. 

1st. This very important fact may be established in a variety 
of ways. Thus, if a bulb be removed from the sunshine 
whilst it is actively evolving gas, and be placed in the dark 
after the gas has been turned out of it, a slow evolution con- 
tinuously goes on ; the gas collecting in the upper part of the 
bulb. 

2nd. A bulb A, fig. '2, having a neck b, the end of which 
was bent at c upwards at an angle of about 45 °, was employed. 
After exposure to the sun, by inverting the bulb and with one 
finger closing the extremity c, the gas disengaged could be 
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transferred to a graduated vessel and measured. I satisfied 
myself, by several variations of this arrangement, that the 
small quantity of water introduced from time to time when 
the gas bubble escaped from the end of the tube c, exerted no 
essential influence on the ph~enomenon. The following Table 
shows the amount of gas evolved in the dark during the pe- 
riods indicated. 

The bulb having been exposed to the sunshine, in ten mi- 
nutes the evolution of gas commenced, and in an hour "107 
cubic inch having collected, this was cast away and the ar- 
rangement placed in the dark. To prevent the undue escape 
of the chlorine, a piece of flat glitss, d, was laid on the open end 
of the tube c. In each successive hour the quantity of gas 
given in the following Table was then evolved : - -  

1st hour "0162 
2nd ... "0159 
3rd ... "0086 
4th ... '006O 
5th . . . . .  "0038 
6th . . . .  "0031 

and for four days afterwards gas was collecting in the bulb in 
diminished quantities. 

V. This evolution of gas in the dark is not merely a gra- 
dual escape of oxygen originally formed whilst the solution 
was exposed to the sun, hut is traceable to an influence conti- 
nuously exerted by the chlorine, arising in properties it has 
acquired during its exposure to tile rays. 

I f  a bulb which has been exposed to the sun be raised by a 
spirit-lamp to such a temperature that its gaseous constituents 
are rapidly, evolved,, its extremity dipping, beneath, some of the 
same solutton m the bottle, after allowmg a suffietent space of 
time for the disengaged chlorine to be re-dissolved, and the 
oxygen be turned out of the bulb, it will be found, on keeping 
the arrangement in the dark, that oxygen will slowly disen- 
gage as before. 

Now there is every reason to believe that any small amount 
of oxygen dissolved in the liquid would be expelled with the 
chlorine at a high temperature. W e  therefore have to infer 
that tile ehlori~e, after this treatment, still retains the quality 
of causing the decomposition steadily to go forward. 

The oxygen which thus accumulates in the course of time 
in the dark, after an exposure to the sun, does not arise from 
any portion of that gas held in a state of temporary solution, 
nor from peroxide of hydrogen, nor from chlorous acid in the 
liquid undergoing gradual decomposition. From any of these 
states a high temperature would disengage it. 
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VI. The evolution of gas is not of the nature of a fermen- 
tation, for when it once sets in the molecular motion is not 
propagated fi'om particle to particle, but only affects those 
which were originally exposed to the rays. 

Let a bulb be filled with chlorine-water which has been ex- 
posed to the sun, and in a second bulb place a quantity of the 
same liquid equal to about one-third of its capacity. Fill the 
remaining two-thirds with chlorine water which has been 
made and kept in the dark, and after keeping both bulbs in 
obscurity for some days, measure the volumes of gas they con- 
tain. Ii ~ the qualities of chlorine which has been changed by 
exposure were communicable "by contact or close proximity 
from atom to atom, we might expect that both the bulbs would 
yield the same quantity of gas, but this is very far from being 
the case; and in such an experiment I found that the bulb 
containing the mixture gave only one-fourteenth of the gas 
contained in the other. 

VII. The quantity of gas which thus collects in the dark, 
depends on the intensity of the original disturbance, which in 
its turn depends on the time of exposure to the rays, to their 
intensity, and other such conditions. In other words, the 
rays are perfectly definite in their action, a long exposure 
giving a larger amount of subsequent decomposition, and a 
short exposure a lesser amount. 

On exposing a bulb filled with ehlorine-water to the rays 
until bubbles of gas began to appear, and a second one until 
the decomposition had been actively going on for a quarter of 
an hour, and then transferring both to the dark, and measu- 
ring the oxygen which collected at the end of a day, I found 
in the former one-twelfth of what was contained in the latter. 

VIII.  In a given quantity of chlorine-water, the decompo- 
sition in the dark corresponding to a given exposure to the 
light having been performed, and the proper quantity of oxy- 
gen evolved, and the ph~enomenon ended, it can be re-esta- 
blished from time to time as long as any chlorine is found in 
the liquid, by a renewed exposure to the sun. 

In a glass vessel, like fig. •, which indeed was nothing more 
than one of Liebig's drying apparatus, I placed a sufficient 
quantity of chlorine-water to fill the larger vessel, and also the 
vertical tubes half-full. After exposing this to the light for a 
certain time, until decomposition had thirly set in, I placed it 
in the dark, and found that for several days it gave off gas, the 
quantity continually diminishing. Finally no more gas was 
evolved; but the liquid still contained fi'ee chlorine, as was 
shown by its colour. I therefore again exposed it to the 
sun, and repeating the former observation, found that it 
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evolved gas for several days in the dark. A third exposure 
was followed by the same result. 

The form of this vessel renders it very convenient for these 
experiments, because when sufficient gas has collected for the 
purpose of observation, it is easily removed by inclining the 
Ins " " " • ~trument, without the necessity of  introducing fi'esh quanti- 
ties of liquid. 

Having found, as has been said, that the rapidity of the de- 
composition depended to a certain extent on the temperature, 
it seemed desirable to determine whether heat alone could 
bring about the change. 

IX .  The decomposition of water by chlorine is not brought 
about by mere elevation of temperature when the liquid is set 
in the sunbeam; although heat accelerates, it does not give 
rise to the phmnomenon. 

1st. I raised, by a spirit-lamp, the temperature of one oi ~ 
the bulbs nearly to its boiling-point, or until so much gas was 
given off that the liquid was expelled fi'om the tube to the 
bottle beneath. If, ~it this temperature, which probably was 
higher than 200 ° Fahr., chlorine had been able to decompose 
water, an equivalent quantity of oxygen would have been pro- 
duced ; but on allowing the apparatus to cool, all the gas was 
re-absorbed, with the exception of a small bubble amounting 
in volume to T ~ 7  of the water. This bubble, which was left 
afier the chlorine was recondensed~ I found in three different 
experiments contained :32, 33, and $6 per cent. of oxygen, 
the remainder being nitrogen; but this being nearly the con- 
stitution of the gas which is dissolved in ordinary water, the 
source fi'om which the small bubble came was inthrred to be 
the water used in these experiments. 

2nd. One of the bu]bs was painted black all over with 
India ink; its temperature now rose much higher than in 
former experiments when it was set in tile sun, but not a bub- 
ble of oxygen appeared. 

X. When chlorine-water has been exposed to the sun, the 
oxygen accumulated in it is readily expelled by raising the 
temperature. 

Having exposed one of the bulbs used in the last experi- 
ment until it was actively evolving gas, I raised its temperature 
w i t h t h e  spirit-lamp until the bulb was full of gas; but on 
cooling this gas did not all eondense, as, in the last instance, a 
large quantity remained behind: this was oxygen. 

These ninth and tenth facts are of fm'ther interest as bearing 
upon a question which has been much discussed by chemists, 
- - the  nature of the bleaching compounds of ehlbi'ine. Tile 
chloride of lime~ and other such substances, probably have the 
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same theoreticalconstitution as chlorine-water. Berzelius and 
Balard suppose, that in this solution chlorous or hypochlorous 
acids exist. It might be inquired, if this be the condition of 
things, why does not an exposure to heat alone evolve oxygen ? 
for ehlorous acid is exceedingly liable to decomposition by 
slight elevation of temperature; and we should be justified in 
inferring, that if any of this acid is to be found in chlorifie- 
water, it would be decomposed at the boiling-point. M. Millon 
adopts the view, that the bleaching compounds are metallic 
chlorides, analogous to the corresponding peroxides. But 
the ninth fact seems incompatible with this view. If  chlorine 
water is analogous to peroxide of hydrogen, and the last be 
what its name imports, and not merely oxygenated water, it is 
difficult to understand why, when chlorine water is boiled, 
oxygen is not given off. If  tile atom of chlorine and the atom 
of oxygen in this body are placed under tlle same relations to 
the atom of hydrogen, it seems necessary that the chlorine 
atom at 912 ° Fahr. should expel the oxygen atom and ehlo- 
rohydric acid form. It is probable, indeed, that the two oxy- 
gen atoms in peroxide of hydrogen are related to their hydro- 
gen atom with different degrees of affinity, and that one of 
them is retained far more loosely than the other. But this 
would correspond with our ideas of oxygenized water and not 
peroxide of hydrogen~ and leads us to the conclusion that the 
solution employed in this memoir is strictly a solution of chlo- 
rine in water. 

XI .  The decomposition of chlorine-water when placed in 
the sunbeam does not begin at once, but a certain space of 
time intervenes, during which the chlorine is undergoing its 
specific change. 

I need quote no further instance of the truth of this than the 
experiment given in support of the second fact. This is the 
same ph0enomenon which takes place when chlorine and hy- 
drogen are exposed together; they do not begin to unite at 
once, but a certain space of time elapses, during which the 
preliminary tithonization is taking place, and when that is 
over union begins (Phil. Mag., July 1844). 

On the Relations of  Chlorine and H2ldrogen. 

We have thus traced the cause of the decomposition of 
water, in the case before us, to a change impressed upon the 
chlorine by exposm'e to the rays of the sun. In this decom- 
position three elementary bodies are involved, chlorine, oxy- 
gen and hyd~'ogen . 

W e  can therefore reduce the problem under discussion to 
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simpler eonditions, and study the relations of each of these 
substances to each other and to the solar rays successively. 

When a mixture of oxygen and hydrogen gases, in the pro- 
portion to form water, is exposed to the most brilliant radia- 
tion converged upon it by convex lenses, union does not ensue; 
the reason being, as I have formerly shown, that those gases 
are perfectly transparent to the rays, and do not possess either 
real or ideal coloration. 

For the same cause, water exposed alone for any length of 
time to the sun, or to the influence of a large convex lens, 
does not decompose. It is transparent and cannot absorb 
any of the rays. 

But, as is well known, a mixture of chlorine and hydrogen 
unites under the same circumstances with an explosion. I 
have formerly proved that this depends on tile absorption of 
the indigo rays, for in the indigo space the action goes on 
with the greatest rapidity. 

If, therefore, this phmnomenon is due to absorption taking 
place by the mixture, it is easy to determine the thnetion dis- 
charged by each of its ingredients. 

I transmitted a ray of light through hydrogen gas contained 
in a tube seven inches long, the ends of which were terminated 
by pieces of flat glass, and then dispersing the ray by a flint- 
glass prism, received the resulting spectrum on a Daguerreo- 
type plate. Simultaneously, by the side of it, I received the 
spectrum of a ray which had not gone through hydrogen, but 
through a similar tube filled w'ith atmospheric air. On com- 
paring the resulting impressions together, I could find no dit 2 
ti~rence between them. 

I theretbre infer that hydrogen gas does not exert any 
absorptive action on the solar rays. 

In one of the foregoing tubes I placed dry chlorine gas, the 
other containing atmospheric air as before; and receiving the 
two spectra side by side on the same Daguerreotype plate, I 
found that a powerful absorption had been exercised by the 
chlorine. All the tithonic rays between the fixed line H and 
the violet termination of the spectrum were removed, and no 
impression corresponding to their place was left upon the 
plate. On repeating this experiment, so as to determine with 
precision the rays which had been absorbed, I tbund that 
chlorine absorbs all the rays of the spectrum included between 
the fixed line i and the violet termination, and is probably ef- 
fected by all those waves whose lengths are between 0'00001587 
and 0"00001287 of a Paris inch, and inasmuch as it absorbs 
photic rays included between the same limits, it is to their 
absorption that its yellow colour is due. 



336 Prof. Draper on the Allotropism of Chlorine, 

In the Philosophical Magazine the same result was esta- 
blished by me in another way. I found that a ray which had 
passed through a given thickness of a mixture of equal vo- 
lumes of chlorine and hydrogen, lost by absorption just half 
a s  much of its original intensity as when it passed through the 
same thickness ot~pure chlorine gas, a result which obviously 
leads to the conclusion, that when chlorine and hydrogen 
unite under the influence of the sun, they discharge functions 
which are different, the chlorine an active and the hydrogen a 
passive function. The primary action or disturbance takes 
place upon the chlorine, and a disposition is communicated to 
it, enabling it to unite readily with the hydrogen. 

By arranging a series of tubes containing a mixture of these 
gases in the spectrum, it was found that the gases situated in 
the indigo space went into union first. 

These various experiments enabling us thus to trace to the 
chlorine the source of disturbance, I have next to remark, that 
chlorine, which has been exposed to the rays of the sun, has 

• gained thereby a tendency to unite with hydrogen, which is 
not possessed by chlorine which has been made and kept in 
the dark. 

In proof of this I may cite an experiment from the Philo- 
sophieal Magazine (July 184~). " I n  two similar white glass 
tubes place equal volumes of chlorine, which has been made 
from peroxide of manganese and muriatic acid by lamplight, 
and carefully screened from access of daylight. Expose one 
of the tubes to the full sunbeams for some minutes, or if the 
light be feeble, for a quarter of an hour: the chlorine which 
is in it becomes tithonized. Keep the other tube during this 
time carefully in a dark place ; and now, by lamplight, add to 
both equal volumes of hydrogen gas. These processes are 
best carried on in a small porcelain .or earthenware trough, 
filled with a saturated solution of common salt, which dissolves 
chlorine slowly ; and to avoid explosions, operate on limited 
quantities of the gases. Tubes that are eight inches long and 
half an inch in diameter will answer very well. The tubes 
now contain the same gaseous mixture, and differ only in the 
circumstance that one is tithonized and the other not. Place 
them.therefore side by side before a window, through which 
the entrance of daylight can be regulated by opening the 
shutter; and now, if this part of the process be conducted 
properly, it, will be seen that the tithonized chlorine com- 
mences to unite with the hydrogen, and the salt water 
rises in that tube. But the untithonized chlorine shows no 
disposition to unite with its hydrogen, and the liquid in its 
tube remains motionless for a long time. Finally, as it be- 
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comes, slowly, tithonized by the action of the. daylight impinging 
on it, umon at last takes place. From thts, therefore, we per- 
ceive that chlorine which has been exposed to the sun will 
unite promptly and energetically with hydrogen ; but chlorine 
which has been made and kept ill the dark shows no such pro- 
perty. 

This form of experiment may be supposed imperfect, since 
the chlorine is in a moist condition and confined by water. I 
have therefore made the following variation. 

I took a tube A, fig. 4, six inches long and half an inch in 
diameter, dosed at one end and open at the other, and ce- 
mented its open end on a piece of fiat plate glass M N, one 
inch wide and two long, ground on both sides, and having a 
hole, p, one-sixth of an inch in diameter perforated through it. 
This hole was not in the centre of the glass, but on one side, 
as shown in file figure. The interior of this tube was per- 
feetly clean and dry. 

A second tube B, consisting, as is shown in fig. 4, of two 
portions, a wide portion B, and a narrower tube c, was ce- 
mented on another piece of ground plate glass, similar to the 
foregoing in all respects. The tube c was open at its lower 
extremity, and the entire capacity of B and c conjointly was 
adjusted so as to be equal to the capacity of A. 

Next I filled A with dry chlorine and B c with dry hydro- 
gen, and kept them from mixing until the proper time by 
operating in the following way : - -  

I placed the ground glasses t~ce to face, as shown in fig. 5, 
with a small quantity of soft tallow between them, arranging 
them in such a way that the aperture which led to the inte- 
rior of A was open. 

Through this aperture dry chlorine was conveyed. It was 
generated by a mixturegf  peroxide of manganese and chloro- 
hydrie acid in the flask D, fig. 6, and passed along a tube E 
filled with chloride of calcium. A slender glass tube f con- 
veyed it to the bottom of A, which was then filled by displa- 
cing the atmospheric air. When A was supposed to be lull 
of chlorine, it was slowly lowered so as to bring the tube out 
of the aperture, and as soon as it was disengaged the glass 
plates were moved in such a manner by sliding them on one 
another, that the aperture leading into A was shut, but that 
leading to B was open. The vessel A was thus filled with 
dry chlorine and securely closed. 

In the next place I filled B with dry hydrogen, which was 
done as follows : - - T o  a bottle G, fig. 7, contammg dilute sul- 
phurie acid and zinc, a drying tube, K, of chloride of calcium 
was adjusted, and at its upper end a cork h arranged, so as to 

Phil. Mag. S. 3. Vol. 27. No. 181..Nov. 1845. Z 
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receive tightly the tube c. In a short time, therefore, B be- 
came full of dry hydrogen, the surplus escaping through the 
open aperture T. The  two ground glass plates were now 
moved on one another in such a manner that they mutually 
closed each other. The  vessel A was therefore filled with 
dry chlorine, and the vessel B c with an equal volume of dry 
hydrogen, without communicating Ibr the present with one 
another. 

I had provided two sets of these tubes as nearly alike as 
they could be made, and operated with them in the following 
way : -  

In a dark room I filled the tube A of each of them with dry 
chlorine, in the manner just described, and confined it by sli- 
ding the plates. One of the tubes was retained in the dark 
room and kept carefully screened from the light, but the other 
was set for half an hour in the sunbeams. T h e  chlorine which 
was in it underwent tile specific change which it is the object 
of this paper to describe. 

After restoring this tube to the dark room, and waiting a 
few minutes for it to gain the same temperature as the other, 
the tubes B c of each set were filled with dry hydrogen in the 
manner described. 

In each instance, as soon as the plates were moved on each 
other so as to confine the hydrogen, and were released from 
the cork h of the drying tube K, fig. 7, their lower extremity 
was dipped beneath the surt~ace of some water contained in the 
saucer P, fig. 8 ; the t~o sets of tubes being held steadily in a 
proper position by the aid of a wooden fi'ame Q R, Q R. 

The  two sets of tubes now differed from one another in no- 
thing but the circumstance that the chlorine of one had been 
exposed to the sun and that of the other had not. 

The  gases were now brought in cgntact. This was easily 
done by sliding each pair of ground glasses until their aper- 
tures coincided, as shown in fig. 9. The  hydrogen now rose 
through the hole into the upper vessel, the chlorine deseend- 
ing through it, mutual and perfect diffusion of the two gases 
rapidly taking place. This was done by lamplight in the 
dark room. And now it could be aseertained that the gases 
were at the same temperature in the different tubes, and that 
the experiment had thus far been carried on successthlly, by 
the water retaining its level at the same point in the tube c of 
both sets. I f  that which had been in the sunshine was 
warmer titan the other, as soon as the apertures coincided a 
bubble of gas would have escaped through the water, or at all 
events the level would have changed. 

I t  remained now to open the shutter of  the dark room, the 
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tubes having been previously set in such a position that the 
light would fall equally on both. As soon as this was done, 
the chlorine which had been exposed to the sun united at once 
with its hydrogen, and the water rose in the tube e. But in 
the othel; which had not been exposed to the sun, no move- 
ment took place until the gases had had time to be affected by 
the light coming through the open shutter. 

When care has been taken to have the gases made quite 
dry, and, owing to the narrowness of the tube e, no aqueous 
vapour has had time to contaminate the gas ill B, so that no 
water is present to condense the chlorohydrie acid as it forms~ 
a little delay may be occasioned in the liquid rising in the tube 
the chlorine of which was exposed to the sun. But after a 
time a mist arises in the neighbourhood of the water in the 
narrow tube, due to the ehloi'ohydric acid condensing, and 
then the process goes forward with regularity. 

It appears, therefore, that chlorine, by exposure to tile sun~ 
contracts a tendency to unite with hydrogen, which is not pos- 
sessed by chlorine which has been kept in the dark. 

On the Allotropism of  Chlorine, or its Active and Passive 
States. 

In what then does this remarkable change, impressed by in- 
digo rays upon chlorine, consist ? This is the question which 
immediately arises from the ph~enomena we have had under 
consideration. 

To this I answer, that when chlorine has been thus influ- 
enced, its electro-negative properties are exalted, and it has 
passed from an inactive to an active state. 

I t  is now fully established that a great number of the ele- 
mentary bodies undergo similar modifications. Many of these 
can exist in no less than three different states, and these pe- 
culiarities are impressed on the compounds to which they give 
rise. To these peculiarities Berzelius has recently directed 
the attention of chemical philosophers, in his paper on the 
Allotropism of Simple Bodies, and its Relation with certain 
eases of Isomerism in their Combinations. He shows, that of 
the elementary bodies now known, many undoubtedly exist in 
several allotropie states, and infers that all are liable to ana- 
logous modifications. He indicates that the isomerism of 
compound bodies is due, sometimes to the different modes in 
which the atoms of which their constituent molecules consist 
are grouped, and sometimes to the ditibrent allotropie states 
in which one or other of those elements is found. Thus, as 
M. Millon has remarked, the intrinsic difference between car- 
butatt0d hydrogen gaj (CH)  and otto of roses (CH),  which 

Z ~  
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are isomeric bodies, may perhaps consist in this,--that in the 
former the carbon is under the tbrm of common charcoal, and 
in the latter under the form of diamond. 

The following instances from Berzelius may serve as exam- 
ples of these allotropic states. 

Carbon is known under three forms, charcoal, plumbago, 
and diamond; they differ in specific gravity, in specific heat, 
and in their conducting power as respects caloric and electri- 
city. In their relations to light the one perfectly absorbs it, 
the second reflects it like a metal, the third transmits it like 
glass. In their relations with oxygen they also differ surpri- 
singly ; there are varieties of charcoal that spontaneously take 
fire in the air, but the diamond can only be burnt with diffi- 
culty at a high temperature in pure oxygen gas. The second 
and third varieties do not belofig to the same crystalline form. 

Silicium exists also under two forms. In its first it burns 
with facility in the air under a slight elevation of temperature ; 
but if it be previously exposed to a strong red heat, it changes 
into the second variety and becomes incombustible, so that it 
will not oxidize when placed with nitrate of potash in the hot- 
test part of the blowpipe flame. As is well known, there are 
two forms of silicic acid, one soluble in water and hydrochloric 
acid, but passing into the insoluble state by being previously 
made red-hot. The silicium, therefore, carries ill its combi- 
nations the same properties that it exhibits in the free state. 

In the same manner it might be shown that sulphur, sele- 
nium, phosphorus, titanium, chromium, uranium, tin, iridium, 
osmium, copper, nickel, cobalt, and a variety of other bodies 
exist under several different forms, with distinctive proper- 
ties that are often well-marked. In several of them the influ- 
ence of this allotropic condition is plainly carried into the com- 
pounds, as is well shown in the two varieties of arsenic which 
give rise to the two arsenious acids. 

The passage from one allotropic state to another takes place 
commonly through the agency of  apparently very trivial causes, 
such as slight elevation of temperature, and the contact of cer- 
tain bodies. Thus iron, which is so easily oxidized under or- 
dinary circumstances, appears to lose its affinity for oxygen 
after it has been touched under the surface of nitric acid by a 
piece of platina. It then puts on the attributes of a noble 
metal and simulates the properties of platina and gold. 

This remarkable instance of the passage from an active to 
a passive state, as Berzelius remarks, may lead to a conjecture 
respecting the. true. condition of certain gases. No one can. 
reflect on the Inactivity of. nitro, gen gas under .°rdinary. clr-. 
cumstances, contrasted with its equally extraordinary acuwty 
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as a constituent of organic bodies, without being struck with 
the apparent connexion of that pheenomenon with those of allo- 
tropism. And though Berzelius, with his customary caution, 
merely insinuates that nitrogen ean exist under two forms, the 
facts which are here developed in relation to chlorine seem to 
show that that opinion rests on something more solid than 
conjecture. The habitudes of many of the gaseous bodies 
strengthen this conclusion. Oxygen gas relhses to unite when 
mixed with hydrogen, precisely in the manner of chlorine; 
and it requires a certain modification to be made in the elec- 
tro-negative element betbre water or chlorohydrie acid can 
result. 

Just, therefore, in the same manner that so many elemen- 
tary bodies can put on under the influence of external causes 
an active or passive condition, I infer as the final result of the 
experiments brought forward in this memoir, that chlorine is 
one of those allotropie bodies having a double form of exist- 
ence; that, as commonly prepared, it is in its passive state, 
but that on exposure to the indigo rays or other causes, it 
changes and assumes the active form ; and that in this latter 
state its affinity tbr hydrogen becomes so great that it decom- 
poses water without difficulty, as in the experiment which this 
memoir is designed to illustrate. 

On the Relation of  the preceding Conclusions with the Theory 
of  Substitutions. 

Having thus explained the facts which appear to indicate 
the allotropism of chlorine, I shall now offer some eonsidera- 
tions on its connexion with the theory of substitutions of M. 
Dumas. 

Admitting the fact that the electro-negative qualities of 
chlorine are exalted upon its exposure to the indigo rays, and 
that the resulting effect is not a temporary thing, but one which 
lasts for a considerable period of time, as appears to be proved 
in the Philosophical Magazine (July 184~), we can give a very 
plain and simple account of the decomposition of water by this 
gaseous substance under the influence of sunshine. 

Upon the same principle that a mixture of chlorine and 
hydrogen may be kept in the dark without union for a long 
time, so may a solution of chlorine in water be preserved. 
The chlorine is in an inactive state. 

But if anything is done to make the chlorine take on its 
other form and pass to the active condition; if, for example, 
it be set in the sunshine, its affinity for hydrogen is exhibited, 
and decomposition is the result. 

The qualities thus communicated to the chlorine not being 
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of a transient kind, but remaining for a length of time, we see 
how it is that after an exposure to the sun decomposition is 
subsequently carried forward in the dark. 

I f  the power which chlorine assumes, of uniting with hy- 
drogen and carbon, depends on a change in its electrical re- 
lations, a passage fi'om the passive to the active state, we might 
expect that those various causes, which in the case of other 
elementary bodies bring about analogous changes, and throw 
them from one allotropie condition to another, would here also 
exercise a perceptible action. Among such causes we may 
enumerate the action of a high temperature, and the contact 
or presence of other bodies. 

I t  may be remarked, in the instances to which Berzelius 
has referred, that exposure to a high temperature is one of 
the most frequent causes of allotropic change. In the case of 
chlorine the remark holds good, for, as is well known, when 
a mixture of chlorine and hydrogen is passed through a red- 
hot tube, chlorohydric acid forms with rapidity. The high 
temperature therefore impresses upon chlorine the same ten- 
dency to unite with hydrogen which is communicated by the 
solar rays. 

But the contact of other bodies frequently determines in a 
given substance an allotropic change. Thus, when a piece of 
iron is placed in nitric acid in contact with platina, the iron 
becomes less electro-positive, or, what is the same thing, more 
electro-negative than it was before, and the acid can no longer 
oxidize it. The contact of the very same substance, platina, 
determines an analogous change in chlorine, giving it at once 
the capacity of uniting with hydrogen. The porous condition 
of spongy platina is not essential to the result, ibr clean pla- 
tina-foil exhibits the same phmnomenon. 

In the case of iron, the action of a high temperature on the 
contact of platina throws the metal fi'om the active to the pas- 
sive state; in the case of chlorine, the same causes apparently 
produce the opposite result, throwing the gas from the passive 
to the active state. But the difference is rather in appearance 
than in reality. In both cases it amounts to the same thing, 
and is an exaltation of the electro-negative qualities of either 
substance respectively. 

The same causes therefore which produce allotropic changes 
in other bodies produce analogous changes in chlorine. 

Now among the physical facts connected with the theory of 
types and substitutions, two are prominent : - - l s t ,  the union of 
chlorine with hydrogen, giving rise to the removal of that hy- 
drogen as chlorohydric acid; 2nd, the subsequent function 
discharged by the chlorine which has entered as an integrant 
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portion of the molecule, and occupies the place of the hydro- 
gen removed. This function is in many instances that of the 
hydrogen itself, and it is this fact which is the remarkable 
point in the pheenomena of substitution, that an intensely elec- 
tro-negative body can act the part of a positive body. It is 
this fkct which is leading chemists to the conclusion, that the 
properties of compound bodies arise as much from the mode 
of grouping of their constituent atoms, as from the qualities of 
those atoms themselves. 

But if it be admitted that the experiments related in this 
memoir establish the allotropism of chlorine, then it is plain 
that a very different, and perhaps satisfactory account, of the 
phmnomena of substitution may be given. 

As has already been said, no difficulty can arise in account- 
ing for the removal of hydrogen from organic bodies, or for 
the first fact just alluded to. This removal will ensue when- 
ever processes are resorted to which bring the chlorine into an 
active state. When we expose acetic acid and chlorine to 
the sun, the latter becomes active, gains the quality of uniting 
with hydrogen, and chloracetic acid forms. Probably the 
same change could be brought about by the aid of spongy 
platina and heat. Upon the second fact, the similarity of 
function discharged by the chlorine which has replaced the 
hydrogen atoms with the thnction of those atoms themselves, 
a flood of light is thrown by other pha~nomena of allotropism. 
If  a piece of iron be dipped in hydrated nitric acid, though it 
may be acted on for a few moments, it rapidly becomes pas- 
sive; and so with the chlorine atoms which have substituted 
the hydrogen. In the circumstances under which they are 
placed they rapidly revert fi'om the active to the passive state. 
They no longer are endued with au intense electro-negative 
quality, they have assumed the condition of inactivity. The 
fact that chlorine in chtoracetie acid simulates the functions of 
hydrogen in acetic acid, is not more remarkable than that 
iron touched by platina under nitric acid simulates the proper- 
ties of that noble metal. 

Do not therefore these considerations seem to point out, that, 
if we admit the fact that simple substances can exist in differ- 
ent states, in a passive and active form, the ph0enomena of sub- 
stitution are deprived of much of their singularity ? 

Thus, to recall once more the same example to which 1 have 
before referred, and which has been so well illustrated by.the 
researches of M. Dumas; the transmutation of acetic into 
chloracetic acid exhibits a doubleph~enomenon,--1st, the ex- 
istence of active chlorine expressed by the removal of hydro- 
gen, activity having been communicated by the rays of the 
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sun, or by some other appropriate method; 2nd, the existence 
of passive chlorine in the particles of chloracetie acid. 

I consider, that were no other instances known, the two 
cases cited by Berzelius of the double forms of silicic acid and 
arsenious acid establish the fact, that a given allotropie condi- 
tion may be continued by an elementary atom when it goes 
into union with other bodies. And I regard tile various eases 
in which hydrogen is replaced by iodine, bromine, &e., in 
which in the resulting compound those energetic electro-ne- 
gative elements fail to give any expression of their presence 
and activity, as analogous to other common and too much 
overlooked facts. Chlorine which is in the dark may be kept 
in contact with hydrogen without exhibiting any of its latent 
energies. Touched by an indigo ray it instantly assumes the 
active state, and a violent explosion is the result. 

To use therefore the same nomenclature to which Berzelius 
has resorted in the case of other allotropisms, we may desig- 
nate the ordinary form of chlorine, procured by the action of 
chlorohydric acid on peroxide of manganese, as C1/3, and 
admit that this passes into ti~e condition CI a by the action of 
the solar rays, contact of platina, o1" a high temperature ; and 
that in any ease of substitution, the hydrogen is removed under 
the condition Ci ~, and the resulting compound molecule con- 
tains CI/3; the assumption of the passive state disguising the 
presence of the electro-negative atom. 

The explanation here given of the phmnomena of substitu- 
tion involves the position, that chlorine, when brought in rela- 
tion with carbon, under certain circumstances, is thrown into 
the passive state,--the state C1/3. W e  naturally look for di- 
rect evidence that this is the case. It seems to me that there 
are many well-known chemical facts which tend to establish 
this passive condition. In the first case to which we turn, the 
chlorides of carbon, the inactive state is established in a stri- 
king manner. The affinity which exists between chlorine and 
carbon is apparently feeble, yet when these bodies have once 
united, the chlorine is hrought into such a condition that it 
has lost the quality of being detected by the ordinary tests 
which determine its presence. Howstrongly does this con- 
trast with the case ofehlorohydric acid [ a feeble affinity unites 
carbon and chlorine, and intense affinity unites hydrogen and 
chlorine ; yet in the former case the chlorine is undiscoverable 
by the most common tests, in the latter it yields to them all. 
And the causes are obvious; in the one case it is in the pas- 
sive, in the other in the active condition. 

I have hitherto spoken of the active and passive states as 
though they were fixed points in elementary bodies, and as 
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though the transition from one to the other was abrupt and 
sudden. I have done this that the views here offered might 
be unembarrassed and distinct; but there are many facts which 
serve to show that the passage from a state of complete acti- 
vity to a state of complete inactivity takes place through gra- 
dual steps. Thus, in carbon itself, there are undoubtedly 
many intermediate stages between the almost spontaneously 
inflammable varieties and diamond, which is, under common 
circumstances, incombustible. Berzelius admits three allo- 
tropic conditions of this body, C x, C/3, .C ~,. Between the 
first and last term of this series, it is probable that several in- 
termediate bodies besides plumbago might be found, their ex- 
istence establishing the gradual passage fi'om one to the other 
state. 

For similar reasons, in this memoir the illustrations and ar- 
guments given have for the most part been restricted to one 
substance, chlorine. I t  need scarcely be pointed out, in con- 
clusion, that if the views here offered are true, very much of 
this reasoning may be transferred to other bodies, as oxygen, 
nitrogen, hydrogen, sulphur, &c. When oxygen and hy- 
drogen are mixed, there is no disposition exhibited by them 
to unite ; and this does not arise from their happening to have 
the gaseous form. As in the instance we have been consi- 
dering, if they be exposed to a high temperature, or to the 
influence of platina, the active condition is assumed with 
promptitude~ and union takes place. 

The power which carbon possesses of throwing bodies into 
a completely passive state, is far from being limited to chlo- 
rine; it re-appears in the case of sulphur. The sulphuret of 
carbon yields to none of the tests to which we commonly re- 
sort for determining the presence of sulphur, for the simple 
reason that its sulphur is in an inactive state. This substance, 
moreover, serves to illustrate what has been said of the gra- 
dual passage of bodies from a state of complete activity to one 
of complete inactivity. Berzelius recognises for it three dif- 
ferent allotropie states, an alpha, beta, and gamma condition. 
In none of these is it in tlmt condition of absolute inactivity 
which it assumes in the sulphuret of oarbon*. 

In offering these experiments and arguments to the consi- 
deration of chemists, I am fully aware of the magnitude of the 
change which would be impressed on the science generally~ 

* For these examples, the chloride and sulphuret of carbon, I am in- 
debted to M. Millon's paper, Remarks on the Elements which compose 
Organic Substances, and on their Mode of Combination, Comptes Rendus, 
t. xix. p. 799. That chemist, however, gives a very different explanation 
of the phaenomena involved. 
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and especially on several of our modern theories, by their re- 
ception. The long-established idea of the immutability of the 
properties of elementary bodies would to a certain extent be 
sacrificed; and it is probable that before these results are 
conceded, more cogent evidence of the main principle will be 
required. In the mean time, however, it is plain that the ad- 
mission of these doctrines throws much light on theories now 
extensively attracting the attention of men of science, and for 
that reason they commend themselves to our consideration. 
I have offered no opinion here on the atomic mechanism which 
is involved in these changes from an active to a passive state, 
though it is impossible to deal with these things without the 
reflection arising in our minds, that here we are on the brink 
of an extensive system of evidence connected with the polarity 
of atoms,--an idea, which, under a variety of forms, is now 
occurring in every department of natural philosophy. 

University of New York, July 29, 1845. 

LI .  On the Di~usion of  Gases. 
Bff TtlOMAS STARKIE THOMSON, /~S~. 

To Richard Taqlor, Esq. 
DEAn SIR, 

O N perusing lately the highly interesting volume on Natu- 
ral Magic by your distinguished co-editor, Sir David 

Brewster, I was nmch struck by his description of natural 
ph~enomena which had for many years past occupied my con- 
sideration. 

As one fact which was new to me bears directly upon the 
subject of my previous communications to you oll the Diffu- 
sion of Gases, and will, I think, tend further to elucidate the 
matter, I may be allowed to offer some observations upon it) 
and shall introduce them by the following quotation from the 
learned author. 

" T h e  great audibility of sounds during the night is a phm- 
nomenon of considerable interest, and one which had been 
observed even by the ancients. In crowded cities, or in their 
vicinity, the ett~ct was generally ascribed to the rest of ani- 
mated beings, while in localities where such an explanation 
was inapplicable, it was supposed to arise from a favourable 
direction of the prevailing wind. Baron Humboldt was par- 
ticularly struck with this ph~enomenon when he first heard 
the rushing of the great cataracts of the Orinoco in the plain 
which surrounds tlle Mission of the Apures. These sounds 
he regarded as three times louder during the night than du- 
ring the day. 


